Abstract
14 From the literature, it can be often noted that the geosynthetic-interlayers are placed in a 15 two layer (new asphalt layers), i.e. the interlayers were provided between the two new asphalt 16 layers, but not at the interface of an old and new asphalt layers. However, the general practice 17 is to place the interlayer with an appropriate tack coat at the interface. In addition, a mixed 18 performance of the interlayers was witnessed, when placed in a new asphalt overlay. Hence,
19
the current study aims to replicate the field scenario in the laboratory while testing an aged 20 and cracked old pavement layer, which was extracted from a distressed pavement, reinforced 21 with geosynthetic-interlayers and asphalt overlays. The objective is to evaluate the
Binder tack coat 1
Tack coat materials generally employed are either bitumen emulsions or cutbacks, 2 whereas, the bituminous emulsions are the most commonly used tack coat material in both 3 rehabilitation and new projects. The application of asphalt cement as a tack coat at the 4 interface with geosynthetic-interlayers was proved to improve the interface bond strength 5 (Button and Lytton 1987). Hence, the asphalt binder of the same grade as that used in the 6 HMA overlay was used as a tack coat in this study. The physical properties of the tack coat 7 are presented in Table 1 . The viscosity of the binder was determined in a Brookfield 8 viscometer at 60  C. Based on the penetration value of 66, the binder tack coat is classified 9 as a bituminous binder of PG 60/70. 11 Three types of geosynthetic-interlayers viz. a polyester grid, a woven jute mat and a 12 biaxial polypropylene grid were considered in the current study (Fig. 2) . These materials 13 were selected based on the material type, aperture size and other tensile characteristics to 14 investigate their influence in interface shear, tensile bond strength and fatigue characteristics.
Geosynthetic-interlayers

15
A wide width tensile strength test was performed according to ASTM D4595 (2011) on the 16 geosynthetic-interlayers on both machine direction (MD) -which would be along the length 17 of the road, and cross-machine direction (CMD) -across the width of the road. These tests 18 were conducted initially at room temperature (25  C) and repeated after a temperature test.
19
In the temperature tests, the geosynthetic-interlayers were heated up to 150  C for 2 hrs. and CMD respectively, however, there is no considerable reduction in tensile strength after the 13 heating test. The failure strain of this material is observed to be about 18-20% at room 14 temperature, and it has increased to 32-34 % after the temperature test (see Fig. 3 ).
15
Woven geojute mat (G2):
The mat is manufactured out of natural jute materials like fibers 16 and/or threads. The fibers are woven naturally or by the machine to form a mat without any 17 apertures as shown in Fig. 2b . The tensile strength of the material is 25 kN/m (MD) at 5% 18 strain and 20 kN/m (CMD) at 13% strain (Fig. 3) . The influence of temperature is found to 19 be negligible on the geojute mat. 
Biaxial polypropylene grid (G3):
The biaxial grid is made up of 4 mm thick polypropylene 21 material with a 40 mm square aperture (Fig. 2c) . The tensile strength of the biaxial grid is about 42 kN/m (CMD) and 36 kN/m (MD) at 10-12% failure strain. The G3 interlayers have 1 shown a drastic reduction in ultimate tensile strength of about 29% in machine direction and 2 37% in cross machine direction, without any change in the initial stiffness. on the overall performance of the geosynthetic-interlayers.
4
Further, for the digital image analysis, a speckle pattern was created on the face of the 5 asphalt beams by coating the surface completely with a white paint followed by spraying a 6 black paint. The speckle pattern helps to determine the displacement and strain fields in the 7 specimens during the fatigue testing, which are otherwise difficult to obtain using the strain 8 gauges.
9
Similarly, the asphalt concrete specimens of dimensions 300 mm (length) × 300 mm
10
(width) × 90 mm (thickness) were prepared as per the procedure mentioned above for
11
interface shear strength tests with and without interlayers. 
TESTING PROGRAM
14
The testing program has been divided into two stages as shown in (1) 18 Where, is the maximum flexural stress in MPa (= 0.550 MPa), P is the maximum load load of 0.06 kN, which is 10 % of maximum load, and the maximum load of 0.6 kN were 1 continuously applied and the corresponding vertical deformations at mid-span of the 2 specimen were recorded. These vertical deformations were used to calculate the flexural 3 strains at the bottom most layer of the asphalt beams.
4
The corresponding flexural strains can also be calculated using equation 2:
Where, is the maximum flexural (tensile) strain in the sample, is the vertical deformation 7 at mid-span of the sample in mm.
8
The applied constant load (P) and the calculated strain can be used to represent the In this study, the strain field in the specimens at different load cycles was investigated 8 using a two-dimensional, full field optical technic known as digital image correlation (DIC).
9
The DIC technic is an optical data analysis method, which employs a mathematical 
Interface shear strength test:
19 A large scale interface shear test device used in the current study ( 
Adhesion tensile test (ATT):
6
The interface tensile bond strength between the tack coat and the interlayer is very critical 7 as the tack coat is found to be the weakest zone during a pavement failure due to improper two 100 mm size square plates, one with an opening at the center, to accommodate the pull-12 stub attached on to the geosynthetic material.
13
The geosynthetic-interlayers cut into 100 mm square grid size were placed in between 14 the two steel plates and clamped by mechanical bolting. A binder tack coat of about 0.08 g 15 was heated up to a temperature of 135  C and applied on the geosynthetic material exactly at 16 the center and a pull stub of known diameter was hardly pressed against it (Ferrotti et al.
17
2012).
18
The whole assembly of pull stub and the plates were then conditioned at a test temperature 40  C as the interface tensile bond strength is highly sensitive to the temperature. A tensile load was applied at a constant displacement rate of 1 mm/min until the pull-stub gets 1 completely detached from the interlayer material and the corresponding peak load was noted.
2
The pull-stub diameter and the tensile pull-off load with respect to the displacement data is 3
analyzed to obtain the interfacial tensile bond strength. 
12
To investigate the effectiveness of interlayers in improving the fatigue life of two-layer 
Where, NI is the number of load cycles sustained by samples with interlayer before failure at (Fig. 10) . Whereas, the deformation bands The presence of interlayer also helps to minimize the crack propagation in the vertical 9 direction by controlling the maximum tensile strain at the crack tip. The tensile strain 10 contours in all the specimens at failure are presented in Fig. 11 and it can be observed that 
Interface shear strength test results
11
As can be witnessed from the flexural fatigue tests, the life of the HMA overlays is 12 completely dependent on the relative behavior of the old and new layers at their interface.
13
The fatigue life of the overlays seem to improve considerably with the inclusion of 14 geosynthetic-interlayers; however, the bonding between the interlayer and the old and new 15 asphalt layers is a crucial factor. Hence, to address these issues and to quantify the interfacial 16 bond strength (max) of various interlayers sandwiched between the old and new layers,
17
interfacial shear tests were conducted.
18
The variation of interface shear stress with normal stress applied on the specimens is 19 presented in Fig. 13 . The peak interfacial shear strength envelopes (max) can be calculated 20 using the equation 4.
Where, C0 is the cohesion at pure shear condition,  is the normal stress applied and p is the 2 peak friction angle.
3
The interface shear strength properties for various interface configurations tested at room 4 temperature (25  C) are presented in Table 3 . The cohesion component seems to be high in 5 the case of unreinforced two-layer asphalt specimens compared to the specimens with 6 geosynthetic-interlayers. Among the geosynthetic-interlayered specimens, the cohesion 7 component of G1 specimen is higher than the G3 specimen followed by G2 specimen. It is 8 also observed that the interface shearing resistance is reduced when there is no direct contact respect to the control specimen (NG). On an average, the reduction is observed to be about 16 17 %, 46 % and 32 % for G1, G2 and G3 specimens, respectively.
17
From the results, it is found that the NG interface condition has the highest interfacial new pavement layers due to weak bond at the interface. Hence, the bonding of the interlayers with the existing old pavement and the new overlay plays a major role, which can be 1 addressed from the interlayer's pull-off or adhesion tensile strength tests. 
ATT results
3
The ATT results are obtained in the form of pull-off tensile strength expressed in MPa.
4
The tests were conducted for different combinations of the geosynthetic materials with a Table 4 .
9
From the current study, it is found that the bond strength increases with a decrease in the tested, the G1 proved to be effective compared to the other types, due to the presence of a 14 polymer modified binder coating on the grid, which helps to maintain a strong bond with the 15 tack coat material. Although the surface of G3 interlayer is smooth, the bond strength appears 16 to be superior to G2 interlayer. The amount of tack coat required in the case of G2 interlayer 17 is comparatively higher than the other interlayer types, as it absorbs the binder tack coat due 18 to the inherent absorbing nature of the jute material. These observations suggest that the
CONCLUSIONS 1
The performance of geosynthetic-interlayers in controlling reflection cracks and 2 improving fatigue life of HMA overlays placed over pre-cracked old pavements was 3 examined. A polyester grid coated with polymer modified binder (G1), a woven geo-jute mat 4 (G2) and a biaxial polypropylene grid (G3) were adopted based on the aperture size, adhesion 5 and tensile strength properties. types. This is due to the stiffness, tensile strength and adhesion properties of the material.
13
The influence of temperature on the tensile properties of G1 and G2 is negligible, whereas, interface shear strength (max) of the interlayers are found to reduce with respect to the control 10 specimen (NG). On an average, this reduction is observed to be about 17%, 46% and 32%
11
for G1, G2 and G3 specimens, respectively. The ATT study helps to understand the influence 12 of the temperature and material composition on the interface pull-off bond strength values.
13
The results show that the tensile bond strength for G1 interlayer type is high compared to all 14 other types, irrespective of the temperature conditions. However, higher bond strength values
15
are achieved when they are tested at a temperature of 25  C. The ATT results also confirms 16 the ISS test results that the performance of G1 interlayer superior to the other interlayers. 
